
INTRODUCTION

Microwaves based studies have been
attracting our attention progressively in the field of
organic synthesis. The practical advantages
associated with microwave irradiation in organic
synthesis have included the enhanced reaction
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ABSTRACT

A new environmental benign method for synthesis of phenothiazine derivatives using
microwave irradiation has reported. A mixture of o-substituted aromatic amine and p-substituted
phenol converted into biphenyl amine derivative using microwave irradiation. Further, thionation of
biphenyl amines under same irradiation has provided the title phenothiazine derivatives. The later
compounds then oxidized to their 5, 5-dioxide derivatives by 30 % hydrogen peroxide. All the
synthesized title compounds have screened for their antimicrobial activity and their structure
confirmed by spectral as well as other analytical data.
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rates, high yields, improved selectivity, reduction of
thermal degradation by products4,14 and
environmental friendly reaction conditions13, 17-18.
Moreover, microwave assisted organic synthesis
(MAOS) is an acknowledged quick alternative and
green technology in the synthetic organic chemistry.
The reactions, which are not possible under the
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conventional conditions can sometime, be carried
out by high-energy microwave irradiation.

Thiazine derivatives like phenothiazines
and their 5,5-dioxide derivatives have been
significantly attracted our interest in medicinal
chemistry due to their wide spectrum of
pharmacological efficacy20-36. Phenothiazine
derivatives have associated with various
pharmacological activities such as antitumor
agents7-11 tranquilizers15,32, sedative, antiepileptic27-

28, antituberculotic19, bactericides5, neuroleptic21,
antimicrobial1,3,29, antiplatelet29, analgesic30 and
antidepressive31. These compounds also exhibit
chelating properties towards various metals2 and
have shown the ability to cleave DNA upon
photochemical induction6,12,24,26. A slight change in
the substitution pattern of phenothiazine derivatives
can cause a remarkable difference in their
biological activities. Therefore, efforts made to
develop a new environmentally benign method to
synthesize phenothiazines and their sulphone
derivatives to make them available for beneficial
biological importance with minimum undesirable
effects.  Under present investigation some known
phenothiazine derivatives has synthesized by
conventional method involving Smiles
Rearrangement9-10.  Further, we have made efforts
to synthesize these compounds by microwave-
assisted operations in varying experimental
conditions to optimize the method. Finally, we have
developed a new microwave assisted method for
synthesis of phenothiazine derivatives.

The developed new method has two steps
instead of six steps in conventional method
involving Smiles rearrangement. In the first step, a
biphenyl amino derivative has obtained by exposing
a mixture of p-substituted phenol and o-substituted
aniline derivatives in minimum quantity of absolute
ethanol and ZnCl2 as catalyst   to microwave
irradiation. The second step has involved the
synthesis of phenothiazine via thionation of biphenyl
amino derivative under microwave irradiation in
presence of iodine (Scheme-I).  The phenothiazine
derivatives have further oxidized into their new 5,
5-dioxide derivatives by ultrasonic method. All the
synthesized phenothiazines have screened for
antimicrobial activity. The tri fluoromethyl derivative
has shown comparatively better results. All the

derivatives have analyzed with their spectral and
physico- chemical data and compared to their
available literature values9-10. The physico-chemical
data and microbial activities of the synthesized
phenothiazines derivatives summarized in table
1 to 3.

MATERIAL AND METHODS

All chemicals used in the microwave study
were of high purity grade (A.R. grade). The melting
point of synthesized compounds has not corrected
and their purity checked by TLC (thin layer of silica
gel) in various non-aqueous solvent systems.
Infrared (IR) spectra of all the synthesized
compounds recorded using KBr from Shimadzu
FTIR, Affinity-1.  The NMR spectra has taken by
Varian Gemini 400 spectrometer (300MHz) using
TMS as an internal standard. The mass spectra have
recorded using Jeol SX 102 spectrometer at 70 eV.
The reactions carried out in domestic microwave
oven. Elemental data obtained from all the
synthesized compounds found satisfactory.

Synthesis of Biphenyl Derivatives (III)
An equimolar mixture of o-substituted

aniline (I) and p-substituted phenol (II) taken in a
flat bottomed flask  fitted with a suitable reflux
condenser  was dissolved in minimum quantity of
absolute ethanol  and a catalytic amount of zinc
chloride added. The reaction mixture so obtained in
flask irradiated in microwave oven in intermittently
at 30 seconds for 5-6 minutes. After completion of
reaction as monitored by TLC, the solid separated
out filtered and washed with distilled water. The
crude product dried in vacuum and recrystallized
from ethanol (Scheme -1).

Synthesis of Substituted Phenothiazines (IV)
A well grinded mixture of biphenyl

derivatives (III) (10 mmol), sulphur (20 mmol) and
iodine (1% weight of reaction mixture) has been
subjected to microwave irradiation intermittently at
30 seconds for 8-10 minutes. The colored solid
separated out washed repeatedly with distilled
water followed by small amount of alcohol. The crude
product was dried and recrystallized from methanol
(Scheme -1). These compounds have also been
synthesized by conventionally method as described
by Gupta et al. (9-10) to compare the physicochemical
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data. Characterization data of all the synthesized
compounds have summarized in table-1.

Synthesis of 5, 5-Dioxide Derivatives of
Phenothiazines (Sulphones) (V)

To the 10mmol of the phenothiazine
derivative in 15 ml of glacial acetic acid, 5 ml of 30
% hydrogen peroxide added at room temperature
with stirring. After complete addition, the contents
heated for 15 minutes. When the color of solution
changed to yellow, another 5 ml of 30 % hydrogen
peroxide added. Then the solution refluxed for one
hour in ultrasound bath. After that, the major portion
of the solvent evaporated under reduced pressure
and the solution poured into beaker containing
crushed ice. The yellow residue separated out
collected and recrystallized from ethanol to get the
desired sulphone derivatives. The physical data
have summarized in table 2.

Antimicrobial Activities
All the synthesized phenothiazine

derivatives were screened in vitro applying agar
plate diffusion technique18 for antibacterial  activity
against Escherichia coli (Gram negative), and
Bacillus subtilis (Gram positive) at both 25 µg/ml,
50 µg/ml concentration. Under same conditions, the
Chloramphenicol with 25µg/ml has shown a zone
of inhibition 26 mm for gram-negative organisms
and Vancomycin with 25µg/ml showed a zone of
inhibition 24 mm for gram-positive organism. The
antifungal screening of the synthesized
phenothiazine derivatives were carried out in vitro
by paper disc method against Aspergillus  niger
and Canadida  albicans at 25 µg/ml and 50 µg/ml
concentrations by using Griseofulvin at 25 µg/m
concentrations as the positive control  which has
shown  zone of inhibition 27 mm and 25.5 mm
respectively under same conditions. Antimicrobial
activities of synthesized compounds have
summarized in table 3.

Spectral studies
The IR spectra of all the synthesized

phenothiazine derivatives showed a sharp peak in
the region 3325-3395Icm-1 corresponding to the N-
H stretching vibrations. Two bands in the region
1530-1535 cm-1 in case of IV-c and IV-e observed
which have ascribed to the asymmetric and
symmetric valence vibrations of nitro group at

position-7.  Phenothiazines (IV-e – IV-g) having
chloro group at position -1 exhibited a sharp intense
peak in the region740-720 cm-1. Spectra of 1-methyl
phenothiazines (IV-a to d) have sharp bands in the
region 1490-1450 cm-1 and 1380-1375 cm-1 that
have assigned to C-H deformation vibrations of CH3

group. Peaks corresponding to deformation
vibrations of CF3 in compounds IV-d and IV-g
observed in the region 1330-1320 and 1140-1125
cm-1. Sharp band corresponding to carbonyl group
in compound IV-b and IV-f has also observed in the
region 1690-1685cm-1. We have observed three
characteristic peaks  in all the phenothiazine
sulphone derivatives in the region 1340- 1350 cm-

1, 1300-1280 cm-1and 1270- 1240 cm-1. These
peaks ascribed to three normal stretching modes
of vibrations (V1, V2 and V3) of sulphonyl group in all
the sulphone derivatives at position -5.

NMR spectral studies have also extended
to synthesized tile compounds. These studies reveal
that structures of the compounds are in accordance
with their NMR spectra. A singlet peak observed in
the region 8.6-8.2 ä ascribed to N-H proton at
position-10 in all the phenothiazines.  Peaks
corresponding to aromatic protons in all compounds
and methyl protons in case of compound (IV-a to d)
have observed in the region 7.6-7.2 ä and 2.7-2.2 δ
respectively. Mass spectral studies of some
synthesized compounds have also studied. The
fragmentation behavior and molecular ion peaks
of the compounds in their mass spectra confirm
their structures.

RESULT AND DISCUSSION

Generally, phenothiazine derivatives have
been synthesizing in six steps through conventional
method involving Smiles rearrangement. In first
three steps we get 2-aminobenzenethiol from
aromatic amines and further three steps are
required for synthesis of phenothiazines. Therefore,
the conventional method is laborious, lengthy, time
consuming and low yield providers with respect to
starting material, aromatic amines. Therefore, efforts
made to design a new environmentally benign
method for synthesis of bioactive title compounds
to make available these compounds for
pharmacological aspects. Finally, we get a new
microwave assisted method for synthesis of
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substituted phenothiazine derivatives. The reaction
yield of final product improved drastically with
respect to the initially used amines as compared to
the conventional smiles rearrangement and
lowered the reaction time.

The developed new method has two steps
instead of six step conventional method. In the first
step, a biphenyl amino derivative has obtained
exposing a mixture of p-substituted phenol and o-
substituted aniline derivatives dissolved in minimum
quantity of absolute ethanol and ZnCl2 as catalyst
under microwave irradiation. The second step has
involved the synthesis of phenothiazine via
thionation of biphenyl amino derivative under
microwave irradiation in presence of iodine as
catalyst (Scheme-I).  It is observed that the presence
of electron withdrawing group at o/p-position of
hydroxyl group in phenols favor the overall reaction.
The 5, 5-dioxide derivatives of the synthesized
phenothiazines have obtained by oxidation with 30
% hydrogen peroxide in glacial acetic acid in
ultrasound bath.

Antimicrobial activity against tested

microbes for trifluoromethyl derivatives found
comparatively better in compared to other
derivatives. Antimicrobial results for all the
synthesized phenothiazines have summarized in
table -2.

In IR spectra the synthesized compounds
showed bands corresponding to secondary amino
group at 3325-3395 cm-1 and also for nitro
(sym.1530, asym.1340-1350),  methyl(defom.1450-
1490, 1375-1380), Chloro (720-740), and CF3

(deform.1320-1330,1125-1140) groups. Lowering
in N-H absorption frequency in 1-chloro derivatives
as compared to 1-methyl derivatives observed
which assigned to the weak hydrogen bonding
between Cl and hydrogen at position-10 (N-H). All
phenothiazine sulphone derivatives have shown
three normal stretching modes of vibrations (V1, V2

and V3) of sulphonyl group at position -5.  NMR
spectra of the synthesized phenothiazines showed
well-defined peaks corresponding to N-H, CH3, and
aromatic protons in the region 8.2 - 8.6 ä, 2.2 - 2.7 ä
and 7.2 - 7.6 ä respectively. Molecular ion peaks
and fragmentation pattern in mass spectra confirms
the structure of the synthesized compounds.

Scheme 1:
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Table 2: Physico-chemical data of substituted phenothiazine sulphones (V)

Compounds R R1 Mol. Yield M.P.       % N

Formula Obs. Obs. Cal. Obs.

IV-a CH3 Br C13H10NSBrO2 69 250 4.32 4.30
IV-b CH3 COOH C14H11NSO4 65 187 4.84 4.81
IV-c CH3 NO2 C13H10N2SO4 67 176 9.65 9.68
IV-d CH3 CF3 C14H10NSF3O2 69 172 4.47 4.48
IV-e Cl NO2 C12H7N2SClO4 71 200 9.01 9.04
IV-f Cl COOH C13H8NSClO4 68 226 4.52 4.50
IV-g Cl CF3 C13H7NSClF3O2 70 168 4.19 4.20

Table 1: Physico-Chemical Data of Substituted Phenothiazines (IV)

 

Compounds R R1 Mol. Yield M.P.          % N
Formula Obs. Obs.

(Ref.*) (Ref.*) Cal. Obs.

IV-a CH3 Br C13H10NSBr 71.5 214 4.79 4.89
(67) (213)

IV-b CH3 COOH C14H11NSO2 62.0 153 5.44 5.41
(59) (151)

IV-c CH3 NO2 C13H10N2SO2 58.0 172 10.85 10.79
(55) (174)

IV-d CH3 CF3 C14H10NSF3 54.5 167 4.95 4.96
(52) (168)

IV-e Cl NO2 C12H7N2SClO2 68.0 202 10.05 10.10
(58) (199)

IV-f Cl COOH C13H8NSClO2 69.5 195 5.04 4.98
(59) (193)

IV-g Cl CF3 C13H7NSClF3 56.0 159 4.64 4.66
(53) (158)

*Literature09-10 value corresponds to compounds synthesized by conventional method
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Table 3: Antimicrobial activities

Compounds Bacteria Fungi

Escherichia coli Bacillus subtilis Canadida Aspergillus
(Gram negative)(Gram positive) albicans niger

25 50 25 50 25 50 25 50
µg/mL µg/mL µg/mL µg/mL µg/mL µg/mL µg/mL µg/mL

IV-a 08.60 12.48 08.83 12.9 4 06.40 10.08 07.68 9.86
IV-b 06.98 11.01 06.26 10.05 05.89 07.76 05.9 6 08.98
IV-c 07.12 12.90 06.17 11.38 06.47 09.62 05.98 08.01
IV-d 13.72 16.89 13.68 17.12 14.98 18.01 14.79 18.88
IV-e 08.68 11.96 07.21 12.39 07.79 10.23 085.63 09.79
IV-f 08.28 13.87 07.52 12.21 06.89 08.87 06.26 08.73
IV-g 14.73 17.49 14.93 18.08 13.05 16.11 12.13 17.32
Chloram-phenicol 25.99 - - - - - - -
Vancomycin - - 24.01 - - - - -
Griseofulvin - - - - 27.06 - 25.49 -

CONCLUSION

The conventional method involving
Smiles rearrangement for synthesis of title
compounds requires chemicals like bromine,
chloroform, ammonia solutions etc. in six steps,
which are hazardous to health and surrounding
environment. The new developed two-step
microwave assisted method for synthesis of
substituted phenothiazine derivatives is free of
hazardous chemicals and proved strategically
developed environmentally benign method for
synthesis of title compounds in better yield. The
antimicrobial activity against tested microbes found
comparatively better for trifluoromethyl derivatives.
Spectral and analytical data have found in good
accordance with their structure.
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